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The present invention relates to a medicament 
comprising a biopolymer matrix comprising cross-linked 
vinyl-derivatives of gelatin, or co-polymerized 
metliacrylamide modified gelatin with vinyl-modified 
polysaccharides, or cross- linked vinyl-substituted 
polysaccharide and gelatin being physically entrapped 
in a semi-interpenetrating network. Preferably said 
polysaccharide comprises dextran or xanthan. The 
present invention relates to a wound dressing or a 
controlled release device comprising said biopolymer 
matrix. Preferably said matrix is in the form of a 
hydrated film, a hydrated or dry foam, dry fibres which 
may be fabricated into a woven or non-woven tissue, 
hydrated or dry microbeads, dry powder, or covered with 
a semipermeable film, so as to control the humidity of 
the wound covered with the dressing, with the 
permeability chosen so as to maintain this humidity 
within a therapeutically optimal window. 
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(57) La prcscntc invention conccnic un medicament 
coinprenant uuq matrice de biopolymere contenaiit des 
derives viiiyliques de gelatine reticules, on de la gelatine 
a modification metliacr>damide copolymerisee avec des 
polysaccharides a modification vinylique, ou une 
polysaccharide et de la gelatine a substitution vinylique, 
reticulees et physiquement piegees dans un reseau semi- 
enchevetre. De preference, la polysaccharide contient du 
dextrane ou du xanthane. La presente invention conceme 
un pansement pour plaies ou un dispositif a liberation 
regulee eomprenant la matrice de biopolymere. De 
preference, la matrice est en fonne de film hydrate, de 
mousse hydratee ou seche, de fibres seches pouvant etre 
formees dans un tissu tisse ou non tisse, de microbilles 
hydratees ou seches, de poudre seche, ou alors la matrice 
pent etrc rccouvcrte d'un film semi-pcrmeable 
pennettant de reguler Lhumidite de la plaie recouveite 
par le pansement, la permeabilite etant selectionnee de 
maniere a maintemr cette humidite dans une gamme 
optimale du point de vue therapeutique. 
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(54) TiUe: NEW MEDICAMENTS BASED ON POLYMERS COMPOSED OF METHACRYLAMIDE-MODIFIED GELATIN 



(57) Abstract 



The present invention relates to a medicament comprising a biopolymer matrix comprising cross-tinked vinyl-derivatives of gelatin, 
or co-polymerized methacrylamide modified gelatin with vinyl-modified polysaccharides, or cross-linked vinyl-substituted polysaccharide 
and gelatin being physically entrapped in a semi-interpenetrating network. Preferably said polysaccharide comprises dextran or xanthan. 
The present invention relates to a wound dressing or a controlled release device comprising said biopolymer matrix. Preferably said matrix 
is in the form of a hydrated film, a hydrated or dry foam, dr>' fibres which may be fabricated into a woven or non-woven tissue, hydrated or 
dry microbeads, dry powder, or covered with a semipermeable film, so as to control the humiditj^ of the wound covered with the dressing, 
with the permeability chosen so as to maintain this humidity within a therapeutically optimal window. 
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NEW MEDICAMENTS BASED ON POLYMERS COMPOSED OF METHACRYLAMIDE-MODIFffiD GELATIN 



The present invention relates to wound dressing materials comprising eitter cross-linked 
metfaacrjtomde modified gelatin, or co-polymerized methacrylamide modified gelatin with vinyl- 
substituted polysaccharides, or cross-linked vinyl-substituted polysaccharides and gelatin being 
physically entrapped in a semi-interpenetratiug network. The material is usefiil for the covering 
of a varietj' of wound types, particularly chronic wounds and bums. The material is also suitable 
for the controlled release of drugs. When loaded with suitable growth fectors or wound repair 
promoting substances, the matrix is usefiil for the febrication of wound dressings for the treatment 
of a variety of wound types, particularly chronic wounds and bums. 

A very large number of people are suffering fi-om chronic non-healing skin wounds. A 
common feature in the treatment of these wounds is that they need covering for optimal healing. 
The beneficial effect of covering wounds is situated at different levels and is dependent on the 
type of dressing material used. For acute wounds, suitable dressings may help to achieve 
haemostasis and thus control blood loss. Also, covering of wounds effectively shields the wound 
from the envh-onment, thus protecting it fi-om microbial contamination. Furthermore, some so- 
caDed occlusive or semi- occlusive wound dressings have the capability of maintaining the wound 
moist, which is beneficial for healing. FinaDy, some wound dressings may themselves directly 
promote the healing process, for instance because they contam conqjonents which directly 
promote cell growth or migration or wiiich attract or activate cefls from the immune system which 
themselves secrete growth-promoting substances. Other dressings may contain antimicrobial 
substances, vAnch are helpful to control infection of the wound. 

CK'er time, a surprisingly wide variety of dressing materials have been used for wound 
covering, many of which are currently commercially available. Each of them has its own 
indications, dependent on wound type, depth, size, absence or presence of infection, level of 
exudate formation, etc. 

Cotton gauze, for instance, is widely used as wound dressing. It has the advantage of 
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bemg cheap, but the disadvantage of being not occlusive and sometimes becoming encrusted into 
the wound. To prevent this, these dresangs are sometimes ioopregnated with a greasy substance, 
such as parafBn. A commercially available exsnxxple of such a dressing is Jelonet™ (Smith and 
Nephew, UK). 

Another class of wound dressings are the absorptive hydrogel dresangs. These have a high 
capacity for the absorption of wound exudate. They consist of hydrophilic polymers such as 
gelatin, polysaccharides, polyaciylamide, etc, v^hich swell upon contact with v^ound fluid and can 
absorb several times then own wei^t of exudate. Commercially available hydrogel dressings 
include Intrasite gel (Smith and Nephew, UK) and Vigilon (CR Bard, USA). A special type of 
hydrogels are the alginates, wliich are hydrophilic polysaccharides extracted fi-om seaweed. They 
are produced as thin non-woven tissues or as ropes. Upon contact with the wound fluid, they turn 
into a gel wiiich has a high absorptive capacity for woimd fluid, Exanqjles include Kaltostat (Brit- 
Cair, UK) and Sorbsan (Steriseal, UK). 

Another type of dressmgs are the occlusive or semi- occlusive dressings. In their siiE5)lest 
form, they usually e?dst of a thin, flexible plastic membrane, e.g, firom polyurethane. To fecilitate 
application, these dressings are usually fabricated with a self-adhesive coating. These dressings 
are called occlusi\^e because they limit water evaporation fi^om the wound surface, thus keeping 
it moist. Exarqples of such dressmgs are Opsite (Smith and Nephew, UK) and Tegaderm (3M, 
USA). Exan5)les of semi-occlusive dressings are Qmiderm (latro Medical Systems, UK) and 
Exkin (Koninldijke Utermdhlen, The Netherlands). The latter dressings allow a slighfly higher 
evaporation rate, resulting in a semi-dry wound surface. 

A more con5)lex type of occlusive dressings are the hydrocolloid (HCD) dressings. These 
are made 1^ of hydrocofloid particles (e.g. consisting of gelatin, pectin, carboxymethyl cellulose, 
etc) embedded in a hydrophobic matrix (e.g. a polyisobutylene, styrene-isoprene-styreue 
copolymer). These dressings may be backed with an occlusive membrane and/or a foam plastic 
layer. In addition to being occlusive, HCD dressings have a high absorptive capacity, maldng 
them very suitable for the treatment of wounds producing high amounts of exudate. These 
beneficial properties have made HCD dressings among the most successfiilly used dressings for 
the treatment of chronic ulcerations of the skm. Commercially available exan^les of these 
dressmgs inchide DuoDERM^ (Convatec, UK), Tegasorb™ (3M, USA), and ComfeeL Coloplast, 
Denmark) 
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Although highly successful, recent reports suggest that HCD dressings may nevertheless 
induce undesirable side reactions in the treated tissues. For example, Van Luyn reports that 
DuoDERM (Convatec, UK), Biofihn (Biotrol SPA, France), Comfeel (Coloplast, Denmark) and 
Ulcer dressing (Johnson and Johnson, USA), all of which are HCD dressings, fell within the hieh 
toxicity ckss v^ea tested in a methylceUulose assays using human skin fibroblasts as target cells 
(Van Luyn, M. Doctoral Hiesis, 1992, State University Groningen, The Netherlands; Van Luyn, 
M., Abstract Book of the jomt WHS/ETRS meeting, Amsterdam, 1993 pll4). All the HCD 
dressmgs tested by this author highly mhibited cell growth (>70%) and mduced strongly deviant 
morphologies m the suivivmg cells. Leek et al. (Abstract Book of the Second Annual WHS 
Meeting, Richmond, VA, USA, p75, 1992) have tested four HCD dressings m &ll-thickness 
excisional wounds in pigs. All dressings induced development of granulomatous lesions between 
4 and 10 days post wounding and exhibitmg Uttle evidence of resolution at 3 months post 
wounding. The most severe reaction was obtamed with DuoDERM and Intrasite HCD. Rosdy 
and Ciauss (J. Biomedical Mat. Res. 24, 363-3777, 1990) found that the HCD dressmg 
Granuflex™ (Bristol-Myers Sqmbb, USA) induced cytopathic effects on MRC5 fibroblasts and 
epidermal cefis upon dh-ect contact. Young et al. (J. Invest. Dermatol. 97, 586-592, 1991) 
describe in an animal model system the development of deep-seated foreign body type reactions 
and granulomata in healed wounds ^^*ich were treated with HCD dressmgs. Our own 
experiments with the HCD dressing DuoDERM™ show that this dressmg results in a marked and 
chronic inflammatory response when placed in fijU thickness wounds in pigs. 

The above mentioned data suggest that, HCD dressings may promote wound healing 
in the short tenn, their use is often associated with undesirable inflammatoiy effects. Therefore" 
it is clear that there is a need for a womid dressing displaymg the benefidal properties of HCD 
dressings, yet resulting in substantially less chronic inflammation or foreign body response. Such 
a wound dressmg would stimulate granubtion tissue formation, be absorptive and eventuaUy be 
biodegradable within a limited time frame. 

Gelaim, which is a denatured form of the protein collagen, has been used in a variety of 
womid dressings and controlled release systems. Because of their relative low melting point, 
gelatin gels are not very stable at body teng^erature. Consequently, it is necessary to stabilize these 
gelatin gels before tiiey can be used for womid heaUng purposes. Uns is usually done by 
estabhshing cross-links between the protein chains by treating gelatin with either formaldehyde 
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or glutaraldehyde. Alternatively, this can be accomplished by cross-Unking of gelatin with 
polyaldehydes produced by partial oxidation of polysaccharides such as dextran (Schacht EH, 
Nobels M, Vanteenkiste S, Demeester J, Fransen J, Lemahieu A. Polym Gels Networks 1993 1 ■ 
213-224). Cross-linked gelatin may be febricated mto dry sponges which are use&l for inducing 
haemostasis in bleeding wounds. Coimnercially available exanq,les of such sponges include 
Spongostan* (Ferrosan, Denmark) and CSelfoam (Upjohn, USA). A major disadvantage of these 
sponges is that lie cross-linking agent used (formaldehyde or glutaraldehyde) is toxic for cells. 
Tie negative effect of glutaraldehyde cross-linking is exemplified, for instance, by the findings of 
de Vries et al (Abstract Book of die Second Annual Meeting of the WHS, Richmond, USA, p5 1, 
1992). niese authors showed that ghataraldehyde cross-linked collagen lattices were toxic for 
cells, whereas the non cross-linked variety was not. Iberefore, despite their beneficial 
haemostatic properties, these products are not very optima] as wound dressings for the treatment 
of problematic wounds such as chronic ulcers or bums. Consequently, a gelatin-based wound 
dressing which uses a different, less toxic, cross-Iinking technology would be very desirable. 
Dextran is a polysaccharide which is also widely used for medical purposes, and which may also 
be used m a wound dressing. For example, PCT patent appHcation N° WO 94/27647 (Smith and 
Chakravarty, published 08/12/94) teaches the febrication of a polymer con^osition conprised of 
cross-linked dexlran, ^^^ere the cros^linking groups consist of linear imidocarbonate or carbonate 
groups. This polymer can be incorporated m a wound dressing. An important feature of this 
polymer composition is that it is hydrolyticaUy labile. Tbis means tiiat hydrated forms of the 
material are inherently mistable, and that the polymer can only be stored for prolonged periods 
when dehydrated. 

Schacht et al., in a European patent published under N*^ 030S330, disclose a polymer 
composition con^jrising gelatin, cross-linked with oxidized polysaccharides wherein proteins, 
enzymes or micro-organisms can additionally be immobiKzed. 

Apart fi-om the development of in^roved dressings, increasing attention has been given 
over the last years to the possible use of growth fectors to promote the healing of womids, in 
particular bmns and ulcers. Followmg are but a few of the scientific reports describing the use 
of growth actors for promoting wound healing in humans. Epidermal Growth Factor (EGF) has 
been used for the treatment of skin grafi donor sites (Brown et al, N. Engl. J. Med. 321, p76-79, 
1989) and chronic ulcers (Brown et al., Plast. Reconstr. Surg. 88, p.189.194, 1991). This same 
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factor has also successfully been used in ophthalmology for the topical treatment of traumatic 
corneal ulcers (Scardovi et al., Ophthabnologica 206, p. 119- 124, 1993) and to promote 
endothelial wound healing in human comeas (Hoppenreijs et al.. Invest. Ophthahnol. Vis. Sci. 13, 
pi 946- 195 7, 1992). EGF eye drops are commerciany available under the trade name Geantel* 
from Inpharzam S.A. (Caden^ino, Switzerland). Basic Fibroblast Growth Factor (bPGF) has 
been used for the treatment of chronic pressure sores (Robson et aL, Ann. Surg. 216, p.401-408, 
1992) and for the treatment of experimentally induced suction bHsters in humans (Lyonnet et aL, 
J; Invest. Dennatol, 96, p. 1022, 1991). Transfonmng Growth Factor-p (TGFp) was found to 
have beneficial effects in the treatment of full thickness macular holes in human eyes (Glaser et 
al. , Opthahnology 99, p 1 1 62- 11 73 ). Platelet Derived Growth Factor (PDGF) was found to be 
a wound healing stimulator of dironic pressure ulcers m humans (Robson et al. Lancet 339. p.23- 
25, 1992). Human Growth Hormone has been reported to accelerate wound healing in children 
with large cutaneous bums (Gilpin et al., Ann. Surg. 220, p. 19-24, 1994). Platelet lysate, which 
is a cmde preparation containing a mixture of several growth factors, has also been found to 
stnnulate the healing of chronic ulcers (Knighton et al.. Surgery Gyn. Obst. 170, 56-60, 1990). 
The latter preparation has been commerciahzed under the trade name Procuren by Curative 
Technologies, Inc (USA). Our own studies with crude keratinocyte lysates, which also contain 
several ceU growth promoting activities, have shown to increase the healmg speed of bums 
wounds and to enhance epitheliaUsation of middle ear defects in chronic otorrhea patients and 
after tynqianoplastj'. 

One common problem with all aforementioned studies is to find an eflacient wav for the 
controlled dehvery of the active substances to the wound. In most cases, these substances are 
sin5)ly appUed as an aqueous solution, or at best as a formulation in a semi-Hquid gel or cream 
Usmg such fi)nnulations, most of the active substance is released in the wound site very rapidly. 
Nevertheless, it is knoun that many growth factors are relatively unstable and it is expected that 
their half life in the wound environment is relatively short This means that there is a need for a 
device which would allow the controlled release of the active substance over a prolonged period, 
whilst protecting the stili unrdeased fector from premature degradation. This would agnificantly 
lower the cost and mcrease the efficiency of growth factor wound therapy by reducmg the 
necessary dose and the number of appHcations. Several strategies and materials have been 
considered for the conixoUed release of peptide growth fectors and similar substances. Following 
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are a few of the approaches whiob have been reported in the scientific literature or for which 
patent applications have been filed. 

One class of controlled release devices consists of synthetic biodegradable polymers. For 
instance, poly-lactide-glycohdes (PLG) are hydrolytically degradable polymers which can be used 
5 for the slow release of variable pharmaceutical substances mcludmg bioactive macromolecules 
such as calcitonin, LHRH, somatostatin, insulin, interferon and vaccmes (Lewis, Pharmaceutical 
raanufectuiing International, 1993, p99-105). Due to the use of organic solvents, incorporation 
of biologically active peptides or protems into PLG often results m their maetivation. Although 
this can be circumvented by the production of physical PLG/peptide mixtures (e.g. by 
10 con^iression molding of powder mixes), these may be less suitable as wound dressings because 
of their rigidity and brittleness. 

Apart fi-om synthetic polymers, a wide variety of naturally occurring polymers, or 
modifications thereof; have been used for controUed release of bioactive peptide factors. An 
sxample of this is methylpyrrolidinone chitosan fleeces loaded with bFGF (Berscht et al., 
15 Biomaterials U, 593-600, 1994). A particular controlled release composition is disclosed in WO 
92/09301 by Greisler, which teaches the use of growth factor-containing fibrin tissue sealant for 
acceleration of wound heahng. Products according to the latter invention would probably be 
relatively expensive, due to the high cost of commercially available fibiin glues adhesrves. 

A frequently used biopolymer for controlled release is also gelatin. Collagen- containmg 
20 gelatin sponges for protein drug delivery have been disclosed in patent applications EP 0568334 
(published 03/1 1/94) and WO 93/21908. Goiumbek et aL, in Cancer Res. 53, p5841-5844 (1993), 
describe the use of gelafin microspheres loaded with lENy or GM-CSF as potential cancer 
therapy vaccines. Cortesiet aL (Int. J. Pharm JOl, p.181-186, 1994) describe the use of gelatin 
microspheres for the release of synthetic oligonucleotides and PCR-generated DNA fragments. 
25 The synthesis of gelatin microspheres containing Interferon was reported by Tabata and Ikada 
(Phaim Res. 6, p.422-427, 1989). Shmde and Erhan (Bio-Med. Mat. Eng. 2, p. 127- 131, 1992) 
describe fiexibilized gelatin films for the release of insulin. 

As discussed above, the commonfyused ghitaraldehyde or formaldehyde for cross-lmldng 
tiiese gelatin-based biomaterials have the disadvantage of being toxic for the cells. In addition to 
30 their toxic properties, glutaraldehyde and formaldehyde are also ej^jected to affect the biologica] 
activity of incorporated bioactive protem substances when cross-linking is carried out after 
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addition of these substances to the system. Consequently, a gelatin-based slow release device 

which uses a different, less toxic, cross-linking technology would be very desirable for the 

fabrication of; for instance, growth factor-medicated wound dressings. 

The present invention thus aims at providing a suitable wound dressmg. 

The present invention also auns at providing a suitable slow or controlled release device. 

The present invention fiuiher aims at methods for producing and usmg said wound 

dressmgs or said controlled or slow release devices. 

Hie present invention relates to the discovery that hydrogels prq,ared with chemically 

modified and cross-Unked gelatm constitute excellent medicaments, more particularly dressings 
for the treatment of wounds and the release of bioactive agents. The gelatin accordmg to the 
present invention is modified with methaciylamide side groups which can be radicaDy cross- 
Imked. This concept allows to inchide polysaccharides and other water soluble polymers carrying 
radicaUy polymerisable side groups e.g. acrylamide or methacrylate-side groups. Hydrogels ca^ 
be prepared by physically entrapping gelatin during the cross-linking of the methaciylamide 
modified polysaccharides to form a semi-interpenetrating network (SIPN) or by the cross-linking 
of polysaccharides and gelatin both methacrylamide modified. Tte feasftility of preparing such 
hydrogels was demonstrated by usmg either an acrylamide or a methacrylate derivative of dextran, 
a polysaccharide particulariy suited for use in the present mvention. In Example 1, tiie 
preparations of vinyl-modified gelatin, acrylamide-modified dextran, dextran metiiaciylate and tiie 
preparation of the hydxogel fihrn are exemphfied. 

One of tiie advantages of the presently disclosed medicament are that it coaprises a 
biodegradable material. Nevertheless, since biodegradabiUty is not obtained through tiie use of 
hydrolytically cleavable bonds, the object of our invention is sufficiently stable m a hydrated fonn 
to allow prolonged storage. Unlike non cross-Hnked gelatin it also has a melting poiJt sufficiently 
high to remain on tiie wound site m an mtact form for a sufficiently long time. An advantage is 
tiiat one of the embodiments of tiie disclosed dressmg offers tiie possibility to hnmobilize sulfated 
dextrans or shnilar poly-anionic molecules into tiie dressing, a modification which enhances tiie 
bindkg of added wound rq)air modulating fectors or ofm situ produced heparin-bmdmg fectors. 

According to a second aspect, tiie present invention relates to tiie finding tiiat tiie above- 
mentioned cross-hnked gelatin constitutes an ideal biopolymer matrix for tiie incorporation and 
subsequent controlled release of bioactive peptide factors. Therefore, phannaceutically active 
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peptides or polypeptides can be incorporated in the matrix by mixing them with the solubUized 
gelatin coii5)onent followed by radical cross-linking of the vinyl side groups to obtain a stabilized 
cross-linked gel containiag the polypeptides in a releasable forxa Polypeptide incorporation during 
thehydrogel production process is more rapid and more efiBcient than the alternative procedure 
of incoiporatmg the polypeptides by sorption process (eg by soaking the dehydrated or partially 
dehydrated matrix in a solution containing the polypeptides). Such medicated cross-iinked gelatm 
matrix may be used for several therapeutical applications, in particular for the febrication of 
medicated wound dressings. 

The term ''biopolymer matrix" according to the present invention refers to a matrix 
coiiq>osed of modified gelatm, or modified gelatm and modified polysaccharides, or gelatin and 
modified polysaccharides, as defined above having as a basic property that biodegradable. 

hi a preferred embodiment, the proposed wound dressing consists of a hydrated sheet or 
fibn of matrix as defined above, backed with an occhistve or semi-occlusive film Occlusive in this 
context means that the film has a permeability for water wiiich is sufficiently low to prevent 
desiccation of tiie wound, yet suflaciently high to prevent excessive accumulation of exudate 
below the wound dressing. 

hi another embodiment, the womid dressing is fabricated ia the form of dehydrated or dry 
microparticles. These microparticles are espedaUy suited to be applied into deep, highly exudative 
wounds. By virtue of the high fluid-absorptive capacity of the particles, the wounds may in this 
way be cleaned fi-om excess exudate and slough. 

In yet another form, the proposed polymer is fabricated into a flexible dehydrated foanx 
Such a foam may be easily applied onto shallow wounds and also has a high absorptive capacity. 
But any other format which respects the polymer properties of stabihty, biodegradability and 
retention of bioactive growth factors is also conceivable. In this respect, a hydrated foam may 
have other qualities. 

The proposed polymer can also be used for the febrication of a wound dressing containing 
one or more wound repair-promotmg substances. Exanq)les of such substances are for instance 
growth faaors such as EGF, TGF-a, FGFs, PDGFa, amphireguhn, HB-EGF, betacellulin, TGF-p, 
IGFs or other mitogens or their antagonists \\iiich may modulate the wound repair process. Such 
a medicated wound dressing can be produced in difiFerent forms, including flexible sheets^ foams, 
microparticles, fibres to create woven or non-woven tissues, etc. One of the embodiments of the 



CA 02290S06 1999-11-19 



WO 98/55161 PCT/EP98/03320 



invention concerns the production of a wound dressing containing multiple layers, where each 
layer contains a different active component, so as to achieve a programmed delivery of the 
different components overtime. In another embodiment, suitable affinity groups are linked to the 
poI>,ner matrix, to increase the affinity of the matrix for the incorporated active substances, thus 
decreasing their release rate and/or to protect them from premature degradation or inactivation. 
Examples of such affinity groups include polysulfeted oligo-or polysaccharides such as heparin, 
heparan sulfate, chondroitin sulfate, dermatan sulfete, dextran sulfete, or fonctional analogs or 
fragments thereof; which have an affinity for heparin binding growth fectors such as the FGFs 
an^hireguhn and HB-EGF. Any proteoglycan containing glycosaminoglycan chains capable of 
bHiding to heparin-binding Actors is thereby also included. Possible affinity groups also include 
monoclonal or polyclonal antibodies or microproteins as obtained through phage display, and 
which have a high and selective affinity for specific growth factors. 

The present invention relates to the discovery that hydrogeis con,,osed of gelatin or 
gelatin and polysaccharides, as defined above, constitute an exceDent material for the preparation 
of dressmgs suitable for the covering and treatinent of womids. to addition, the material also 
displays une,q,ectedly favourable controlled release properties for the delivery of therapeutic 
substances, particularly to wounds. Ihe hydrogeis are prepared by the cross-linking of solubilized 
gelatin or gelatin derivatives. Gelatin i. a denatured fonn of the connective tissue protein 
collagen. Several types of gelatin exist, depending on the source of cohagen used, and on the 
extraction and production process enq,loyed. One type of gelatin is extracted from animal bones 
^^e another type is extracted from animal skin. UsuaUy, the animal material is from bovine or 
porcme origin. Depending on the extraction process, two types of gelatin can be prepared: tiie 
A (or acidic) type, which is prepared by add hydrolysis of the collagen and which has an 
isoelectnc point of about 8, and the B (or basic) type, ^ch is prepared by basic hydrolysis of the 
collagen and which has an isoelectric point of about 5. Both types of gelatin are usable for 
preparation of hydrogel matrices, as defined above, suitable for the present invention An 
mq^oxtant property of gelatin is that it forms gels with a cenain rigidity. Tl,e rigidity of these gels 
IS expressed by the Bloom number of the gelatin. For tiie purpose of this invention, gelatms 
a vanety of Bloom numbers are usable, However, Bloom numbers of at least 150, preferably at 
least 200, more preferably at least 250 are preferred, because they offer hydrogeis matrices of a 
high mechanical strength which can easily be fabricated in fihns or sheets. 
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In the present invention actylamide or methacrylate modified dextran was selected as 
exan^les of a vinyl substituted polysaccharide that can be co-polymerised with vinyl-substituted 
gelatin. However, it sbaD be ob\dous to the person skilled in the art that other polysaccharides and 
vinylsubstituted water soluble polymer with suitable viscosity, molecular mass and vinyl content 
properties can also be used. An example of such another polysaccharide is xanthan. Although 
different potysaccharides are thus conceivable for the pujpose of this invention, we shall from 
hereon only refer to the use of acrylamide substituted dextrans. This is simply for the sake of 
clarity and should in no way be considered as a limitation with respect to the range of possible 
polysaccharides usable within the framework of the invention. The molecular weight of the 
dextran used for the febrication of wound dresangs according to the invention is preferably below 
5,000,000, more preferably between 10,000 and 100,000, in such a way that the viscosity of the 
aqueous solution of the dextran is not too high, for example between 0.1 and 1 Pa.s for a 2% 
solution (as measured using a Brookfield LVT viscosimeter operated at 30 cycles). 

Substitution of dextran with acr>damide or methacrylate side groups was carried out 
according methods described in the Hterature. For instance such derivatives can be obtained by 
reaction of the polysaccharide with 2.viny]-4,4-dimethyl-2-oxalin-5-one (vinyldimethylazolacton). 
Cross-linking of gelatin methacxylamide or co-polymerization of gelatin methacrylamide with 
vinyl-substituted polysaccharide, or cross-hnkmg of vinyl-substituted polysaccharides to entrap 
gelatin in a semi-inteipenetrating network, are performed in aqueous medimn in the presence of 
a radical initiator such as ammonium persuHate + N,N'tetramethylethylene diamine. Cross-linking 
can also be achieved by Ught-induced radical formation. Example 1 shows examples for tiie 
preparation of vinyl-modified gelatin and dextran, and for tiie preparation of hydrogel fflms by 
radical cross-linking after exposition of the vinyl-derivatives to UV-light in tiie presence of a 
photoinitiator. Exmnple 2 diows the visco-elastic properties a gelatin hydrogel films prepared by 
radical cross-Hnking of methaciylamide-modified gelatin. 

Although the procedure described above is preferred, it will be clear to tiie person skilled 
in the art that odier methods leading to the introduction of vinyl side groups are also possible, for 
instance, by treatment wilii methaciyEc anhydride in an organic solvent such as dimethylsulfoxide. 
Thereafter, the modified dextran can be conveniently purified and separated from low molecular 
weight reaction conqjonents by classical purification metiiods. Exaiiq)les to accompUsh tins 
include, but are not limited to; precipitation (for instance by addition of acetone, metiianol or 



CA 02290806 19991119 

WO 98/55161 

11 



PCT/EP98/03320 



isopropanol) or dialysis, ultrafiltration or gel permeation chromatography, followed by 
Ij'ophilisation. 

The speed and the degree of cross-linking are dependent on a variety of parameters, such 
as the concentration, the type of gelatin and its degree of vinyl substitution, the molecular weight 
and degree of vinyl substitution of the polysaccharides, etc. 

According to the present invention, the gelatin hydrogels prepared as described above can 
be used for the fabrication of a variety of wound dressings. 

Accordmg to a preferred embodiment, gelatin hydrogels are fabricated mto a thm sheet 
or fihn, suitable for application onto a wound suifece. There exist several known technologies 
to accompUsh this. For instance, a solution of vinyi-substituted gelatin (kept at a temperature 
higher then the gelification point of the gelatin used, usuaUy > 30°C) can be mixed with a solution 
of the mitiator and be poured into a suitable cast before any appreciable cross-hnking takes place. 
After the cross-linking process is finished, the fihn can be removed from the cast. Another way 
to form films is to use one of the processes urihzed m the photographic mdustry for the 
preparation of photographic fflms and papers. For the purpose of this invenrion, the thickness of 
the fihns shall preferably range between 0.1 and 2 nun, more preferably between 0.3 and 1 mm, 
although differently sized fihns may be appropriate for some appfications. 

When a fihn accordmg to the procedure described above is placed onto a wound for a 
prolonged period, it is possible that dehydration stiU takes place because fluid can evaporate from 
the surface of the fihn. To prevent this, the gelatni hydrogel wound dxessmg fihn can be 
additionally covered by one of the commerciaUy available occlusive or semi-occlusrve wound 
dressmg fihns, for example a polyurethane such as Opsite or Tegaderm. However, a better 
solution is provided according to another preferred embodhnent of the present invention where 
a gelatin hydrogel fihn is directly lammated onto a suitable occlusive membrane during the 
production process. For instance, particularly weU suited plastic fihns are those from the Pebax 
series, such as Pebax 1205, which are produced by Elf. Tliis t>pe of fihn has a very low water 
vapour peimeabihty, makmg it very suitable for the febrication of wound dressmgs intended for 
use on relatively dry wounds. For apphcation on more exudative wounds a higher evaporation 
rate is desirable, to prevent excessive accumulation of fluid under the dressmg. In this instance, 
a backmg membrane with higher water vapour permeabihty may be preferred, such as those 
manuactured by Utermohlen in Tie Netherlands (Exkm) or by latro Medical Systems in the UK 
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(Omidenn). To the person skilled in the art it shall be obvious that, depending on the type of 
wound, the degree of exudate fonnation and the desired frequency of dressing change, other 
backing films with different water vapour permeability properties can be used, to obtain an 
optimal fluid balance at the wound sur&ce. 
5 According to another embodiment, gelatin hydrogels are fabricated into a hydrated or 

dehydrated particulate wound dressing. Several techniques are known to achieve this. A dry 
gelatin hydrogel powder or granulate may be produced by dehydration of a soEd gelatin 
hydrogelmass after cross-linking, foBowed by powdering the dehydrated material Dehydration 
may be obtained for instance by drying in a stream of dry air, lyophilisation, organic solvent 
10 extraction, etc. After the powdering or granulation step, particles of a desued size may be 
selected, for instance by sieving throng a series of sieves with a suitable mesh size. For the 
manufecturing of spherical or substantially spherical gelatin hydrogel particles or microbeads, one 
can generate a spray by pushing a freshly prepared solution of vinyl-substituted gelatin (or a 
mixture of vinyl- substituted gelatin and vinyl-substituted polysaccharides or a mixture of vmyl- 
15 substituted polysaccharides and gelatin), through an appropriate atomzzation nozzle. It has to be 
understood that the azes of the spray drops will vary accordmg to the type of application and can 
be determined by choosing the appropriate nozzle type, pressure and capacity for the atomization 
process. Another possibihty is to emulsify tiie freshly prepared solutions described above with a 
non-water miscible solvent such as an ahphatic or aromatic hydrocarbon or an oil. To create 
20 spherical particles of a larger size, the solutions may alternatively be added dropwise to the non- 
water miscible solvent. Other techniques to produce hydrated or dehydrated gel particles, known 
to the person skilled m the art, may also be used to prepare a particulate wound dressing 
according to this invention. Such a particulate wound dressing may be useful for the treatment of 
a variety of wound types, but especially for the treatment of relatively deep and highly exudative 
25 wounds, such as some chronic ulcers or decubitus wounds. When apphed in a dehydrated form 
tiiey have the property of absorbing exudate. This is a highly desirable feature, since removal of 
excess exudate and slough is an important therapeutical goal with respect to the prevention of 
microbial colonization, to the limitation of further necrotization and to the relieve of discomfort 
for the patient. Such a particulate wound dressing can also be used m its hydrated form (i.e. by 
30 omitting the dehydration process after particle preparation or by rehydratmg dehydrated particles 
before apphcation onto the wound). In this latter form, it can be applied for mstance as a paste 
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to woimds which produce less exudate. It shall be obvious that, dqjending on the needs of a 
particular wound type, the possibility also exists to use the particulate wound dressmg in a 
partially hydrated fonn. in the latter form, the dressing still would have substantial fluid absorptive 
properties, yet, by virtue of a certain stickiness, it would easily be applicable as a paste or be 
febiicated mto a thin film. By adapting the type of gel, wound dressmgs can be designed that are 
appropriate for treatment of other wounds such as corneal wounds or defects, tympanic 
membrane reconstructions, or other middle ear reconstructions, or chronic otorrhea. It shall also 
be clear that the dehydrated, partiaUy hydrated and fiilly hydrated fonns of these particulate 
wound dressings can be suspended in any suitable aqueous or organic excipient to fecihtate 
appHcation. Examples of such excipients mclude, but are not limited to: paraffin oil, Vasehne, 
glycerol, etc. 

Another physical form into wiich the gelatin hydrogels wound dressmgs can be febricated 
is a hydrated or dry foam. TMs can be achieved for instance by addmg a suitable biocon^atible 
detergent to the freshly prepared solutions of vmyl-substituted gelatin (or a mboure of vinyl- 
substituted gelatin and vinyl-substituted polysaccharides or a mbdure of vmyl-substituted 
polysaccharides and gelatin), to yAidi is added a suitable radical initiator, followed by mtroducmg 
small gas bubbles into the sohition. The gas can be air, nitrogen, heHum or anotiier gas, preferably 
a gas which is not water soluble, non-toxic and chemically inert. Other techniques known m the 
art for producing foams are also suitable, provided tiiey do not result in tiie mtroduction of non- 
biocon5)arible conponents or do not mterfere witii the cross-linkmg process. Foams can be used 
eidier m the hydrated form, or be also partially or con^leteiy dehydrated. They can be produced 
as sheets, rods, plugs, pads, etc., or m any other form which is considered suhable for eas>' 
apphcation to a wound site. 

In a further embodhnent, other vmyl-substituted polymers e.g. polysaccharides co- 
polymerized maybe covalently attached to or incorporated mto die gelatin hydrogel matrices of 
the present invention tiirough SIPN technology (semi-mterpenetrating polymer network) or a 
combmation thereof Especially high molecular weight conqjonents can be mechanically entrapped 
wiflrin the polymer network, such that covalent attachment is not always required. In a j^imil ar way 
other components which may add complementary properties to the gel can be utilized. These 
components may consist of molecules which have a known afSnity for certain growth fkctors or 
wound heahng-promoting substances. Exanqjles of such components are those with aflSnity for 
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heparin binding proteins, such as hqiarin or functional analogs of heparin such as heparan sulfate, 
chondroitin sul&te, dermatan sulfite, dextran sulfate or any other non-toxic polyamonic group 
displaying sufiScient affinity for one or more of the molecular factors iiiq)Hcated in the wound 
healing process or monoclonal or polyclonal antibodies or microproteins that can be obtained 
5 throu^ phage display and that have a high and selective afiSnity for molecular factors inqjlicated 
in the wound healing process (see also previous appHcation EP 95-59 GDP). When appUed onto 
a wound, such affinity matrices have the potential to act as a reservoir for the accumulation and 
stabilisation of locally available endogenous growth factors or other wound repair stimulating 
factors. These fectors may subsequently be gradually released, thus promoting healing of the 
1 0 injury. The potential of hcpaiin-like molecules and similar polyanions to bind and stabilize certain 
growth factors is well known in the art. The following are but a few examples firom the scientific 
literature discussing this subject. Volkin et al. have described tiie physical stabiUsation of acidic 
FGF by diBferent types of polyanions (Arch. Biochem. Biophys., 300, p.30-41, 1993; Biochim 
Biophys. Acta 1225, p. 18-26, 1993). Tomoko et aL describe the stabilization of basic FGF with 
dextran sulfite (FEES Letters, 306, p.243-246, 1992). TumbuU and Gallagher re\'iew the role of 
heparan sulphate as a fimctional modulator of fibroblast growth fictor activity (Biochem Sec. 
Trans. 21, 477-482, 1993). By the incorporation of such polyanionic confounds in the hydrogel 
matrices of this invention, the favourable biocompatibihty and wound heahng properties of the 
matrices may still flirther be in^roved. 

Alternatively the conqjonents incorporated into or attached to the affinity matrix, may 
display an afSnity for molecular fictors that is high enough that bindmg can become a stable 
process. When applied onto a wound, such affinity GDP matrices have the potential to ^ecifically 
sequester molecular fictors that are detrimental to the wound healmg process, such as factors that 
cause deregulated growth or hypertrophy or a superfluous formation of collagen, and that can 
25 cause the formatioxi of keloids. 

hi the present invention we also disclose our discovery that gelatin hydrogel matrices of 
this invention constitutes an efficient and versatile material for tiie fibrication of slow or 
controfled release devices for the dehvery of pharmacologically active substances. Peptide or 
polypeptide substances can be mcorporated and subsequently efficiently released fi-om the 
30 hydrogel matrices. This is demonstrated in Exan5)le 3, showing the efficient release of several 
iodinated polypeptides. 
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Phaimacologically active factors of interest can be incorporated in the hydrogel matrices 
of the present invention in several ways. The most preferred method is to add the fectors prior to 
the cross-linking process. Therefore, an aqueous solution of the active agent is mixed with an 
aqueous sohition of gelatin or vinyl-substituted gelatin at a tenqserature of about 37° C, followed 
by polymeiisation of the vinyl-substituted gelatin, or by SIPN forming of gelatin with vinyl- 
substituted polysaccharides, or by co-polymerisation with vinyl- substituted polysaccharides. 
Thereafter, the resulting mixtures are aBowed to cool. Sbce gelatin solutions are viscous, care 
should be taken that the different conqjonents are mixed thoroughly, so that a homogeneous 
distribution of the active agent m the gelatin hydrogel matrix is obtamed. Another possibility is 
to incorporate the active fectors in the gelatin hydrogel matrices of the present invention after the 
cross-lmking process is con^leted, by means of a sorption procedure. Therefore, the gelatin 
hydrogel matrices are partially or completely dehydrated. This dehydration can be achieved by 
drying the matrices in an air stream, by lyophiHsatiou, by organic solvent extraction or by any 
other suitable means resuWng in removal of water from the matrix. Subsequently, the dehydrated 
matrices are soaked in an aqueous solution contauung the active agent. During this soaking 
process, the matrices are rehydrated, at the same time absorbing part of the active agent. 

One of the possible appUcations of the present mvention lies in the fabrication of wound 
dressmgs containing one or more wound repair stimulating fectors and/or a suitable antiseptic 
agent. Womid repair stimulating agents which are eUgible for mcoiporation in such a wound 
dressing are for mstance growth factors such as those belonging to the class of the EGF, FGF, 
PDGF, TGF-p, VEGF, PD-ECGF or IGF famiUes. Another suitable agent would be a reieasate 
from human platelets, which is for mstance marketed by Curative Technologies Inc mider tiie 
name Procuren. Also possfcle would be the incorporation of a conditioned medium, a lysate or 
an extract prepared from kerarinocytes, such as disclosed in patent applications US9106161 
(Oregon Univ.), EP8S101576 (Eisinger), WO93/10217 (IG). Suitable antiseptic agents mclude 
antibiotics, antibacterial sulfamides or peptides, chinolones, antimycotics, etc., as fer as they are 
suitable for topical use. Wound dressings containing womid repair promoting agents can be used 
for the treatment of womids which are diflScult to heal. Injuries which are ehgible for such 
tieatment incbide but are not hmited to chronic ulcera, decubitus wounds and pressure sores, foot 
ulcers, corneal injuries, tyn^anic membrane perforations, surgical wounds, skm graft donor dtes, 
bum wounds, etc. In the case ofhxmx wounds, the womid dressmgs can be directly appUed on a 
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second or tliird degree bum. However, in case of extensive third degree bums, it is preferable to 
first graft the bum with meshed autologous skin. Application of the medicated gelatin hydrogel 
wound dressings of the present invention directly on top of this autologous meshed graft will 
stimulate the closure of the meshed graft mterstices, lesultrng in fester wound closure and 
5 concomitant reduction of infection risks and shortening of treatment time. 

To facilitate application on the treatment site, the medicated gelatin hydrogel wound 
dresshigs of the present invention can be manufactured in different fortns. For instance, sheet- or 
ffim-Iike dressmgs can conveniently be applied onto bum wounds, shallow ulcers, skin graft donor 
sites and other types of shallow wounds. To reduce fluid evaporation and dehydration of the 

10 dressmg and the underlying wound, the dressmg can be covered with a flexible membrane, the 
water permeability of vAich is chosen so as to obtain an optimal moisture level of the wound. It 
is also possible to manufacture multi-layered gelatin hydrogel lammates. Each layer of such a 
lammate can have different release properties and contam a different active substance. Upon 
application on the wound this will result in the controlled release of the incorporated factors from 

15 the subsequent layers, according to a predefined sequential and temporal programme. This 
programme will depend m part on the release properties and biodegradation of the different layers, 
their thickness and on the properties of the incorporated factors. Obtaining such a controUed 
dehveiy of multiple dmgs is considered deskable because it is known that the wound repair 
process occurs in different stages, each of \^ch requires the involvement of different factors. For 

20 instance, one stage of wound healing consists of the development of granulation tissue. This phase 
may be sthnulated for instance by administration of PDGF or FGF. In a next phase, the wound 
is closed by an epitheliahsation process, which may be sthnulated by EGF, Inclusion of factors 
such as VEGF or PD-ECGF may optrmLze a process such as vascialarisation which is often 
unsatisfactory and can be the underlymg cause in chronic wounds such as ischaemic wounds. 

25 Which factor has to be released at which tune point to obtain optimal healmg results depends 
partly on the type of wound. It is also known that sometimes the wound healing process can be 
aberrant leadmg to the formation of persistently heavy scars or keloids. Such keloid formation is 
predisposed by two mam fectors. Tbe first is the location of the scar and the second is the genetic 
background of the patient. It is therefore anticipated that keloid formation results fi-om the atopic 

30 or superfluous presence of certain factors and that the presence of certam layers within the wound 
dressmg can be used to sequester these unwanted factors. Other factors that can be sequestered 
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comprise those that can lead to superfluous formation of coUagei3 and/or elastiu, thereby 
preventmg phenomena such as skin contractions or keloid formation. It is one of the advantages 
of the present invention that programmed delivery of several drugs is possible using only one 
dressing, i.e. without having to change wound dressmgs. 

In case of deeper wound cavities, such as some types of pressure sores or chronic ulcers, 
it may be more convenient to fabricate the medicated gelatin hydrogel wound dressings of the 
present invention in the form of microparticles, foams, pastes or other forms which are easily 
confoimable to the wound shape. Microparticles may be febricated according to any of the 
procedures known in the art, provided the activity of the incorporated active substances is not 
destroyed. To increase the shelf life of the medicated particles, it is also possible to lyophilize 
them. The resulting powder or granulate can be applied onto the wound either directly, b which 
case it will have the added benefit of adsorbing excess wound fluid, or it can be first rehydrated 
by mcubation in a suitable aqueous solution. The medicated particles can also be formulated in 
a suitable excipient such as Vaseline. parafiSn oil, etc. so as to obtain a paste which can for 
instance be used to fill a cavity. 

In one of the embodiments of the present mvention, the phanmcologically active 
substance is mcorporated into a£5mt>^ gelatin hydrogel matrices such as described above. In this 
case, the matrix contains also additional cross-linked, non-difiusible or otherwise immobilized 
compomids which have an afSnity for the active substance. This results in a reduction of the 
release rate of the active agent and in some cases they may also stabilize the agent. 

Following are but a few exaii5,les of such aflSnity ligands which may be incorporated into 
gelatm hydrogel matrices of the present invention. 

One class is constituted by those molecules which display an afiBnity for heparin bmding 
proteins, such as heparin ox fimctional analogs of heparin such as heparan sulfate, chondroitin 
sulfete, dermatan sulfate, dextran sulfate or any other non-toxic polyanionic group displaying 
sufficient afSnity for an incorporated heparin-binding factor. Exarr^les of such factors inchide 
FGFs, HB-EGF, an^hiregulin and betacellulin. 

Another exair„le of afl5nity ligands may consist of hydrophobic chains, which could retard 
the release of incorporated active agents wilh a hydrophobic nature. Incorporation of such chains 
m gelatin faydrogels of the present invention could be achieved for instance by the use of partiaUy 
hydrophobized vinyl-subsiituted polysaccharides. These can be obtained for instance by partial 
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esterification of dextran with fetty acids (e.g. caproic acid, stearic acid) followed by reaction with 
methaciyhc acid anhydride of the thus obtained dextran esters. 

It will be clear to the person skilled in the art that the fabrication of medicated wound 
dressings with controUed release properties is but one application of the present invention. Many 
5 other possible applications of the use of gelatin hydiogels of the present invention as a controlled 
release matrix can be envisaged. The following possibilities are intended otily as examples and 
do not in any way limit the range of possible applications. 

Gelatia hydrogels of the present invention can for iQstance be used for the fabrication of 
devices for transdermal drug delivery. A gelatin hydrogel patch containing a transdermally 

10 deliverable dmg can be attached to the skin, enabliag a slow release of the drag over a prolonged 
time period. An occlusive film attached to such device can prevent the biopoiymer from 
desiccation. In another application, gelatin hydrogel nricroparticles loaded with a particular drug 
can be injected intravenously, subcutaneously or intramuscularly. Equipped with a tagging 
system, such injected microp articles may be used for topical adnmiistration of coniqpounds with 

15 which the microparticles were loaded. In principle, all drugs for which a slow release over a 
period ranging between a few days to a few weeks is desirable are eligible for incorporation in 
ncricToparticles of gelatin hydrogels of the present invention. Examples iaclude, but are not limited 
to, anticancer dmgs, hormones, vaccines, contraceptives, cardiovascular drugs, neuroactive drugs 
etc. 

20 

FIGURE LEGENDS 

Figure 1 Visco-elastic properties of gelatin, vinyl-modified gelatin and cross-linked vmvl-modified 
gelatin hydrogel films. 

25 Gelatin hydrogel films were prepared and exposed to LWUV-Iight (365 nm, 10 mW/cm"), as 
described in exanple 2 A. After one week of hydrogel fi^m*; storage at 4°C, the ten:5}erature 
dependence of the storage (elastic) modulus was determined by oscillatory shear deformation and 
tenqjerature scan ranging fi-om 16 to 50*^0 (heatiag rate 1.75^C nain"^) at constant fi-equency (1 
Hz) and constant shear strain ( y= 0,05, 1,88 mrad). Gelmod: methacrylamide-modified gelatia, 

30 gelmod + DMPA: methacrylamide-modified gelatin + photoinitiator system. 
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Hsure^ Visco-elastic properties of cross-linked vinyl-modified gelatin hydrogel films upon 
increasing hydrogel storage time. 

The temperamre dependence of the storage (elastic) modulus was determined by oscillatory 
shear defomiation and temperature scan ranging from 16 to 50 °C (heating rate 1.75°C min ') 
at constant frequency (1 Hz) and constant shear strain ( y = 0.05, 1.88 mrad). 

Fiswre 3 Transwell-COL system for the release studies. 

To allow the release of polypeptides by only one side of the hydrogel fihns. the hydrogel film 
samples were applied on a microporous collagen-treated membrane of a cell culture insert, 
and the volume of the extraction medium was adjusted so as to come in contact with the 
bottom face of the microporous membrane. 

UgUI^ Release of «^I-BSA (A) and ^^^I-EGF (B) from hydrogel fihns made of 
methacrylamide-modified gelatin with a degree of substitution of 60% (60% of the e-amino 
groups of gelatin were modified with vinylside groups) and prepared as described in Example 
I . The same units apply for the inset. 

Figure_5 Release of '^^I-BSA (A) and -I-EGF (B) from hydrogel fihns made of 
methaciylamide-modified gelatin with a degree of substitution of 60% (60% of the e-amino 
groups of geladn were modified with vinylside groups) and acrylamide-modified dextran with 
a degree of substitution of 10 % (10 vinylside groups per 100 glucoside units) and prepared 
as described in Example 1 .The same units apply for the inset. 

FiaiiS-6 Release of '^I-BSA (A) and ^^^-EGF (B) from hydrogel films made of 
methacrylamide-modified gelatin with a degree of substitution of 60% (60% of the e-amino 
groups of gelatin were modified with vinylside groups) and methacrylate-modified dextran 
with a degree of substimiion of 10 % (10 vinylside groups per 100 glucoside units) and 
prepared as described in Example 1 . The same units apply for the inset. 



Eigtffe 7 Preparation of the vinyl-modified derivatives. 

Methacrylamide-modified gelatin can be prepared by reaction of gelatin (Gel-NH,) with 
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methacrylic anhydride (A), Vinyl-modified dextran can be prepared by reaction of dextran 
(Dex-OH) with either 2-vinyl-4,4-dimethyI-2-oxaljn-5-one (vinyl azlacton) (B), or with 
methacrylic anhydride (C). 

Figure 8 Temperature dependence of the storage modulus G' of gelatin methacrylamide 

hydrogels, DS=35%, 46% en 60% with polymer concentration 15wt% in water; 

initiator concentration 0,006wt% (Irgacure 2959) UV-exposure 30iimi (365mn, lOmW/cm^); 

storage ten?)erature 4°C; storage time after UV-inradiation 2days; oscillatory shear defonnation 
Y==0.05; frequency f=lHz 

Fjg^^e 9 Tenq)eratuTe dependence of the storage modulus G' of gelatin methacrylamide 
hydrogels, DS=60% with pohmer concentration 15wt% in water, initiator concentration 
0.0004wt% - 0.05wt% (Irgacure 2959) UV-^exposure 60min (365nin, lOmWW); storage 
tenqjerature 4''C; storage time after UV-irradiation 2days; oscillatory shear deformation y=0 05; 
frequency f=lHz 

Figure 10 Temperature dependence of the storage modulus G' of gelatin methacrylamide 
hydrogels, DS=60% .with polymer concentration 15wt% in water; Y-irradiation dosis 0, 3, 6, 15 
and 25 kGy; storage temperature 4°C; storage time before Y-irradiation 1 1 days; storage time after 
Y-irradiation 7days; oscillatory shear deformation y^0.05; frequency f=lHz 

Figure II Temperature dependence of the storage modulus G' of gelatin methacrylamide 
hydrogels, DS=16% , 25 and 30% with polymer concentration 15wt% in water; Y^iiradiation 
dosis 6 kGy; storage ten^eratmre 4°C; storage time before Y-irradiation lldays; storage time 
after Y-irradiation 4 days; oscLflatory shear deformation y=0.05; frequency ^IHz 
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EXAMPLES 

Example 1 Producti on of p elati n hvdro^ el fflmg 

Preparation of gelatin methacrylamide 

Gelatin methacrylamide can be prepared by reaction of gelatin with methacrylic anhydride 
(Rgure 7A). Ten g of gelatin, corresponding to about 3.28 nmol of e-amino groups of lysine and 
hydroxylysine residues, are dissolved in 100 ml PBS-buffer (pH 7.4) and stirred at 50°C. After 
complete solubilization of gelatin, 0.5 ml methaciyhc anhydride {3.35 mmol) are added. The 
mixture of gelatin and methacrylic anhydride is stirred for 1 hour at 40-50»C. Thereafter the 
mixture is dialysed against water during a few days at 40°C and lyophilized. Evaluation of the 
content in free e-amino groups of lysine and hydroxylysine residues present m the gelatin by the 
trinitrobenzene sulphonic acid method indicates that one gram of the methacrylamide gelatin 
obtamed, still contains 0.284 mnol of free e- amino groups. This evaluation allows to calculate 
that 55% of tiie e-amino groups of the modified gelatin are still free and that 45% of the a: 
groups of the gelatin were modified. 



iini 



o 



Preparation of acrylamide-modified dextran 

Vinyl-modified dextran can be prepared by reaction of dextran with 2-vinyl.4,4-dimethyl- 
2-oxalin-5-one (vinylazlacton) as seen in Figure 7B. One gram of dextran (MW 40000) 
corresponding to 6.2 meq glucoside units is dissolved m 20 ml dimefliyl sulfoxide (DMSO). Then 
0.26 g (1.86 mmol) of vmylazlacton and 36.4 mg (0.3 mmol) 4-N,N dimetiylaminopyridine 
(DMAP) are added to the dextran dissolved m DMSO and stirred at SOX during 24 h. The 
poljmer is isolated by precq>itation in excess acetone. After drying and redissohing in water it is 
dialysed against water for two days at room tenq^erature and freeze dried. NMR measurements 
indicate tiiat a 30% vinyl substitution of dextran is achieved (30 vinylside groups per 100 
ghicoside units). 



Preparation of dextran methacrylate 

Vinyl-modified dextran can also be prepared by reaction of dextran with methacrylic 
anhydride (Figure 7C). One gram of (6.2 meq glucoside units) of dexti^ (MW40000) is dissolved 
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in 20 ml DMSO. To the dextran solution, 0.092 ml methaciylic anhydride (0.62 mmol) and 36.4 
mg (0.3 ratnol) DMAP are added. After stirring at 50°C during 1 h, the polymer is precipitated 
in a large volume of a methanol: acetone mixture (1:1). The dry product is then redissolved in 
water and dialysed for two days at room ten^^jerature and freeze dried. The degree of substitution 
5 is measured by NMR experiment. A 10% vinyl substitution of dextran is achieved ( 1 0 vinyl side 
groups per 100 glucoside units). 

Preparation of a gelatin hydrogel film 

Cross-hnking of the methacrylamide-modified gelatin, or co-polymerization of gelatin 
methacrylamide with vinyl- substituted dextran, or cross-linking of vinyl- substituted dextran in the 
presence of gelatin, gelatin being physically entrapped m a semi-interpenetratrtig network, is 
performed in aqueous medium in the presence of radical initiators. The initiators can be a redox 
initiating system such as ammonium per sulfate + N,N,N%N'tetramethylene diamme (Ifimol/gram 
gel) or a photo initiator such as 2,2-dimethox>^-2-pheaylacetophenone (DMPA) + hght treatment. 
For example, to prepare hydrogel films by radical cross-lmking, vinyl-modified derivatives 
sohirions (at 40''C) containing DMPA as photo initiator, can be poured into a cast made of two 
glass plates separated by spacers of 1 mm thickness, and irradiated (10 mW/cm=) at 365 nm for 
10 min with a LWUV-lamp model VL-400L (Vilber Lourmat, Mame La VaUee, France). After 
removal of the glass plates a flexible 1 mm thick fiknis obtained which is water-msoluble. 

Example 2 Visco-elastic properties of croc;s-linked methacryl amide 

modified gelatin films 

A) Characterization of the mechanical properties (elastic modulus) of gelatin methacrylamide 
25 hydrogel films 

The dynamic shear oscillation measurement at small strain were used to characterize the 
visco-elastic properties of cross-linked methacrylamide-modified gelatin hydrogel films 
Methacrylamide-modified gelatin with a degree of substitution of 45% (45% of the e-ammo- 
groups of gelatin were modified with \inylside groups) was prepared as described in Exan^le 1, 
30 Cross- linki ng of the methacrylamide-modified gelatin was performed in aqueous medium in the 
presence of 2,2-dimethoxy-2-phenylacetophenone (DMPA) used as photoinitiator. Gelatin 
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methacrylamide (1 g) was dissolved in 10 ml (10 wt%) of a phosphate buffer saline solution (pH 
7.4) warned at 40°C. DMPA (6 mg) was added to the methacrylamide-niodified gelatin solution 
and stirred at 40°C for 1 min. The wann mixture was then poured into a cast made of two glass 
plates separated by 1 mm-tiick spacers and e?q)Osed for 10 min to the light (365 mn, lOmW/catf ) 
5 of a LWUV lamp model VL-400L. For the purpose of compaiison, and to allow the distinction 
between the respecti\'e contribution of the physical and chemical cross-linldng to the hydrogel 
eUstic modulus, non-cross-linked gelatm hydrogel fihns and methacrylamide-modified gelatin 
hydrogel films were prepared in the absence of photo initiator (DMPA). For the gelatin hydrogel 
preparation, one g of gelatin was dissolved in 10 ml (10 wt%) of a phosphate buffer saline 
10 solution (pH 7.4) warmed at 40=C and for methacrylamide-modified gelatin hydrogels, one g of 
methacrylamide-modified gelatin was dissolved in 10 ml (10 wt%) of a phosphate buffer saline 
solution (pH 7.4) wanned at 40°C; both soktions were separately poured into casts made of two 
glass plates separated by 1 mm-thick spacers. The hydrogel fihns were kept at room temperature 
for one hour, and thereafter stored at 4°C for one week. The Theological measurements at 

1 5 oscillatoiy shear deformation were carried out with a C SL= Rheometer (TA Instruments) usmg 
parallel rough plates of 40 mm diameter and plate-to-plate distance of 800 ^m. The teaiqjerature 
dependence of the storage (elastic) moduhis was determined by oscillatory shear deformation and 
ten^erature scan ranging fi-om 16 to 50X (heating rate 1.75°C mm'^) at constant fi-equency (1 
Hz) and constant shear strain ( y= 0.05, 1.88 mrad). The temperature dependence of the storage 

20 (elastic) moduhis G' of the hydrogel fihns is shown in Figure 1. Gelatin hydrogel fihns were 
formed by physical gelation only and showed high G' values below the melting point of gelatin. 
When the tenqjerature was increased above the gelatb melting point (sol-gel transition 
tenqjerature: 28°C-30°C) the elastic modulus dropped rapidly to very low values due to the 
breakdown ofthe gelatin physical network. Methacrylamide-modified gelatm hydrogels, prepared 

25 without the addition of a photomitiator, showed only low G' values, even below the sol-gel 
transition temperature indicating that poor physical network can be formed when gelatin is 
modified with methacrylamide side groups. Above the sol-gel transition, the elastic moduhis 
decreased rapidly to very low vakes, mdicating that in the absence of photoinitiator, no chemical 
cross-linking was formed. By contrast, the Hght treatment of DMPA-containing methacrylamide- 

30 modified gelatin sohitions resulted in the production of a hydrogel fihn with high storage modulus 
(G') vahies, both below and above the mehing point of gelatin, mdicatmg that the presence of a 
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photoinitiator ^stem together with the light treatment induced a hydrogel cheinical cross-linking. 
It was concluded that the mechanical properties (e.g. the elastic modulus) of the cross-linked 
methacrylaniide gelatin films result from both the chemical cross-linkage and the physical 
structuring of methacrylamide-modified gelatin. It was also concluded that cross-linked 
methacrylamide-modified hydrogel films with appropriate mechanical properties for the fabrication 
of wound dressings can be produced. 



B) Characterization of the mechanical properties (elastic modulus) of gelatin methacrylamide 
hydrogel films upon increasing hydrogel storage time 
1 0 storage modulus of cross-linked methaciylamide-modified gelatin hydrogel films was 

evaluated usmg oscillation test measurements at small deformation. Methacrylamide modified 
gelatm with a degree of substitution of 60% (60% of the e-amino groups of gelatin were 
modified witii vinylside groups) was prepared as described in Example 1. Cross-hnkmg of the 
methacrylamide-modified gelatin was performed in aqueous medium m the presence of DMPA, 
15 used as photoinitiator. Methacrylamide-modified gelatin ( 1. 5 g) was dissolved m 1 0 ml (15 wt%) 
of a phosphate buffer saline sohition (pH lA) warmed at DMPA (6 mg) was added to the 

methacrylamide-modified gelatin and stirred at 40^C for 1 min. The warm mixture was then 
poured into a cast made of two glass plates separated by 1 mm-thick spacers and exposed for 10 
the light (365 mn, 10mW/cm=) of a LWUV lamp model The cross-linked hvdroeel fihns 



20 



IIMI 



were kept at room temperature for one hour, and thereafter stored at 4°C for various time 
periods. The rheological measurements at oscillatory shear deformation were carried out with a 
CSL^ Rheometer (TA Instruments) usmg paxaflel rough plates of 40 mm diameter and plate-to- 
plate distance of 800 pm. The temperature dependence of the storage (elastic) modulus was 
determmed by oscillatoiy shear deformation and temperature scan rangmg fi^om 16 to 50^C 
25 (lieating rate 1.75X min"^) at constant frequency ( 1 Hz) and constant shear strain ( 0.05, L88 
mrad). The temperature dependence of the storage (elastic) modulus G' of a hydrogel fihn 
consisting of cross-lmked methacrylamide-modified gelatm stored for diflferent time periods is 
shown in Figure 2. The hydrogel mechanical properties (e.g. the elastic modulus) result fi-om the 
physical gelation of the gelatin coir?)onent and fi-om the chemical cross-hnking of the vinyl- 
30 modified gelatin, Tbe tenperature scan of the hydrogel specunens below and above melting point 
of gelatin allows to idratify the respective contribution of the chemical and Tjhvsical cross-iinka^A 



1 



I 



CA 02290806 1999-11-19 



WO 98/55161 PCT/EP98/03320 

25 

to the hydrogel elastic modulus. The Ught treatment of methaciylamide-modlfied gelatin and 
DMPA mixtures resailted in the production of a hydrogel filmg with high storage modulus (G') 
values below and above the melting point of gelatin, indicating the formation of chemical bonds 
in the gelatin hydrogel fihns. Upon increasmg hydrogel fihn storage time, the G' values increased 
in the temperature range below 25 °C, but remamed constant in the ten^erature range above 
2SX, mdicating that the increase in the hydrogel storage modulus, upon increasing storage time, 
resulted only from an increase of the contribution of the physical structuring of gelatin chain. After 
one or two weeks of hydrogel storage, the G' values were stabilized, indicating that after a 
hydrogel maturation period, cross-linked methaciylamide-modified gelatin hydrogel fihns with 
stable mechanical properties (elastic modulus) can be obtained. 

Ej^ampjg 3 CoTitroll e-ri release of ^- ^ -radioli^hPiiM p oivpf^ptiHPQ (j^nv 
an(i BSA) from cross-linked gelatin hvdmcrRi f^ ]j^^ 

Preparation of the films 

Cross-linked gelatin hydrogel fdms containing the iodinaied factors were prepared using 
similar procedures as described above, the polypeptides being added to gelatin or modified 
gelatin before hydrogels cross-linking. The gelatin hydrogels contained 0.02% thimerosal, as 
preservative. The concentration of iodinated test proteins in the gelatin hydrogel matrix was 
approximately 5 /zg/ml. 

Release testing using a wound-mimicking system 

For the evaluation of the release kinetics of controlled delivery wound dressings, an 
elution test system where the dressing sample is immersed in the extraction fluid under 
continuous agitation is not ideal. Since this kind of elution is carried out by means of an active 
extraction procedure, the release, in such a system, is much faster than would be observed in 
a wound. Shinde and Erhan (Bio-Med. Mat. Eng. 2: pp. 127-131, 1992) have reported such 
a kind of system for determining the release properties of insulin-loaded flexibilized gelatin 
films. We have adopted an alternative test system which mimics the wound situation. To 
quantify the release of polypeptides from gektm hydrogels fihns, the release system shown in 
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Figure 3 was adopted. Samples (1.3 cm') of the gelatin hydrogel films were placed on a 
naicroporous collagen-treated membrane (3 |im pore diameter) of a Costai's Transwell-COL cell 
culture chamber insert, itself placed in a well of a 6- well plate. The volimae of the dissolution 
medium (1 ml of PBS containing 0.1% casein and 0.02% thimerosal) was adjusted so as to come 
5 in contact with the bottom face of the microporous membrane. Therefore, the hydrogel 
incorporated compounds were released by only one face of the gelatin hydrogel samples. This 
kind of release system was used in order to mimic conditions prevailing in an open woimd, and 
to provide a more realistic assessment of release kinetics than a single immersion system in which 
incorporated material would have been solubilized more rapidly. To simulate the wound 

10 conditions more closely, the release test was carried out in a thermostatized incubator at 37 °C. 
At panicular time points, the 1ml extraction fluid was removed and replaced with 1ml fresh 
fluid. To quantify the amount of labelled protein released, the radioactivity present in the 
removed extraction liquid samples was measured iq a gamma-counter. To additionally evaluate 
the stability upon storage of the protein-loaded gelatin hydrogel films, release profiles were 

15 determined in films which had been stored at 4''C for one day and two months. Extraction 
liquid samples were stored at -70 ""C. At the end of the release experiment, all the extraction 
liquid samples were thawed and were first precipitated with TCA prior to the radioactivity' 
measurements, to be sure that only protein-associated radioactivity was quantified. At the end 
of the experiment, residual radioactivity was also determined in the gelatin hydrogel discs and 

20 in the Transwell-COL filter. The release kinetics of ^'^1-BSA (MW: 68kDa) and ^^-EGF 
(MW: 6 kDa) from hydrogel films of various composition are shown in Figs. 4, 5 and 6. 
After one day or two months of hydrogels storage, all the hydrogels evaluated displayed 
sustained release of polypeptides up to 9 day incubation. After this period of incubation, 80- 
90% of both polypeptides were released in the extraction medium. The release kinetics were 

25 characterized by a burst release which was followed by a plateau release. Although, ^^^I-EGF 
was more rapidly released than ^-^I-BSA, the results confirm that also for larger proteins 
release occurs with high efficiency and according to kinetics which are favourable for 
application in medicated wound dressings. Also, the stability of the matrix proves to be 
sufficient to allow prolonged storage, smce the hydrogel storage has no or minor effect on the 

30 release kinetics. The new hydrogels, made of vinyl-derivatives of gelatin and dextran, were 
found to be an appropriate release system for medium-term sustained delivery of polypeptides. 
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^^^P^^ ^ Influence of the He^r^P nf ,„h.titiitinn ^Hiti'n 
methacry lamidft gplg 

Materials and methods 

Gelatin type B (0-9382, lot 26H0347) from Sigma is prepared by alkaline treatement of 
bcjvine sidbi. The gel strenght is 225 Bloom. 

MethacryKc anhydride (MAA) was obtained from Aldrich and was used as received. 

l-(4-(2-Hydroxyetlioxy)-ph«iyl).2-hydroxy-2methyl-l-propane-l.one (Irgacure® 2959) was 
obtained from Ciba. 

Trinltrobenzene sufonic acid was purchased from Serva and acetyllysine fromBachem. 
Dialysi. Membranes Spectra/Por® 1 (MW6000-8000) were obtained from Polylab (Antwerpen, 
Belgimii). 

Preparation of gelatin methacrylamide 

100 g of gelatin ( 32.8 mmol of e-aminogroups oflysine and hydroxylysme ) is dissolved 
m 1 Uier phosphate buflFered saline (PBS,pH 7.4) and stirred at SC'C. After con^lete 
sohibilization of gelatin, 10 ml methacr,lic anhydride (67. 1 mmol ) is added. ITie reaction mixture 
is stirred for 1 hour at 40-50<>C. Hereafter the mixture is diluted with one Hter of water and 
dialysed against water during 1 day at 40°C and freeze dried. 

Gelatin methac^lamide with lower degrees of substitution can be prepared by reducing the 
amount of methaciylic anhydride. 

Hie determination of free amino groups in modified gelatin is measured by the 
tnnitrobenzene sulfonic acid (TNBS) method. (Habeeb, Anal. Biochem., 14, 328-336, 1966) 
One ml of the proteine solutions (gelatin or gelatin methac^Iamide in water) is mixed with 1 ml 
NaHC03 buflfer (pH 8.5)(0.05M) and 1 ml TNBS solution (0.1%). Tie mixtures are covered 
from light and kept at 37^C dming 2 hours. Then 0.5 ml warm HCl (IN) is added and the 
absorbance is measured at 345 mu All san^ies are prepared in triplate. 

This UV-method is performed upon a calibration curve of acetyllysine. Evaluation of the 
percentage of the remaining free e-aminogroups after modification of tiie gelatin allows to 
calculate the degree of substitution (DS) of gelatin methacrylamide. 
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Reaction of gelatin witli an excess of methacrylic anhydride leads to gelatin 
methacrylamides with degee of substitution up to 70% while reaction with one equivalent of 
anhydride only leads to modification of 46% (46 vinylside groups per 100 e-anrinogroups in the 
initial gelatin). 

Preparation of hydrogel filrtis 

A LWUV lanq) model VL-400L (Vilber Lourmat, Maine La VaDee) with flood 365 
nm is used to irradiate the samples. 

The reological measurements at oscillatory shear deformation on the hydroeels are 
carried out with a CSL^ Rheometer (TA Instruments) using parallel rough plates of 40 rmn 
diameter and a plate-to-plate distance of 800 \im. The temperature dependence of the storage 
(elastic) modulus is determined by oscillatory shear deformation and temperatme scan in the 
range from 16 to 50^C (heating rate 1.75°C min"' ) at constant frequency (1 Hz) and constant 
shear strain (y=0.05, L88mrad), 

Cross-linldng of the methacrylamide-modified gelatin is performed in aqueous medium 
in the presence of a photoinitiator (Irgacure® 2959). 1.5 g gelatin methacryl amide is 
dissolved m a lOml (15wt%) hiitiatar solution (0.006wt%) at 40°C. The warm mixture is then 
poured into a cast made of two glass plates seperated by spacers of 1mm thickness. The 
hydrogel solution containing the UV-initiator is then exposed to LWUV-light (365 nm, 
lOmW/cm^) during 30 minutes at After removal of the glass plates a flexible 1mm thick 

transparant film is obtaiaed which is water insoluble. 

Influence of the degree of substitution on gelatin methacrylamide gels. 

The methaciylamide-gelathi (gelmod) hydrogels are prepared as described above. 
Hydrogel films contammg gelatm with a diflferent number of \Tnylside groups are e^^aluated by 
rheological measurements at oscillatory shear deformation The degree of substitution (DS) is 
defined as the percentage of e-amiaogroups that are modified into a vinylgroup and is 
deteimmed by the Habeeb method (TNBS). The DS has an appreciable inipact on the storage 
modulus G' above SO'^C, the chemical cross-hnkage is thus strongly influenced by the number 
of reactive vinylside groups. Modified gelatin gels with DS of 35% or smaller show a large 
drop in storage modulus. The constitution of chemical cross-links m the low substituted gels 
(<35%) is neglectible. To obtain strong chemically cross-linked hydrogels gelatin 
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methacrylamide with DS of about 46% are appropriate (see figure 8). 



Example 5 Influence o f the initiator (Irgacure'^ 2959') concentrations 



The methacrylaimde-gelatin (gelmod) hydrogels are prepared as described in example 
4. The tetcperature dependence of the storage modulus is strongly influenced by the initiator 
concentrations in the gel. An extensive drop of G' is observed when less than 0.002 wt% 
initiator^solution (0.2img Irgacure® 2959 per lOml polymer solution) is used. Hydrogels with 
0.003 wt% initiator solution or more, show a higher storage modulus at high temperature and 
are therefore more densely chemically cross-linked. The mechanical propenies of eelatin- 
methacrylamide hydrogels increases vsdth higher initiator concentration. Altough when 
concentrations higher than 0.025wt% are apphed, the hydrogels turn hard and brittle (see 
figure 9). 



Exajnp]e 6 . Effect of irradiation Do sis on Gelatin methacryl amide geic; 

The effect of different hxadiation dosis on the visco-elastic properties of gelatm 
methaciyiamide hydrogels was evaluated. Gelatin methacrylamide with high degree of 
substitution (DS 60%) is used to prepare the tested fihns. The methaciylamide-gektin 
(gehnod) hydrogels are prepared as described m example 4. The hydrogel fihns are irradiated 
in their cast (between glassplates) at roomtemperature. A strong chemical cross-Iinldng occurs 
during iradiation aUd hard but brittle hydrogels are obtamed. Even with low dosis 3kGy, a very 
high storage modulus G' is measured (Figure 10). For wound dressing appUcations 
elastic hydrogels is needed, irradiation of gelatm-methacrylamide with lower degree of 
substitution is recommended. 
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Example 7 Effect of 6 kGy Dosis on gelatin methacrylamide gels 
with different degree of substitution. 

Gelatin hydrogels with low degree of substitution are irradiated, in order to obtain less 
brittle mateiials as discussed above. The methacryianiide-gelatin (gelmod) hydrogels are 
fixrthermore prepared as described in example 4. 

An extensive drop of G' is observed (Figure 11) when gelatin methacrylamide with 
degree of substitution of 16% is irradiated (6kGy) due to melting of not chemically cross- 
linked polymer. Physical gelation of gelatin melts above 30°C. A more dense chemically cross- 
linked hydrogel is obtained with degrees of substitutions above 25% and strong but elastic 
hydrogels are formed, even at temperatures above the melting point of gelatin. 
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CLAIMS 

1 . A medicament containing a biopolymer matrix comprising gelatin modified with 
cross-linked methacrylamide, preferably co-polymerized with vinyl-substituted 
polysaccharides, preferably vinyl-substituted dextran, and more preferably wherein 
said gelatin and said polysaccharides are physically entrapped in a semi- 
interpenetrating network. 

2. A medicament according to claim 1 wherein other compounds are associated to said 
matrix, with said other compounds belonging to one or more of the following 
classes: 

- a polysulfated oligo- or polysaccharide such as heparin, heparan sulfate, 
chondroitin sulfate, dermatan sulfate, dextran sulfate, or fragments thereof; 

- a biocompatible polyanion which has the capacity to bind heparm-binding growth 
factors; 

- a proteoglycan containing glycosaminoglycan chams capable of binding to 
heparin-binding growth factors; 

- a functional analogue of heparin which can bind or stabilize heparin-binding 
growth factors; 

- a monoclonal or polyclonal antibody or a microproiein obtainable by phage 
display that has a high and selective affinity for molecular factors that can modulate 
the wound healing process. 

- a therapeutically effective amount of a drug, preferably an antiseptic or a wound- 
healing drug, preferably belonging to one of the following groups: EGF-like factors, 
FGF-like factors, TGF-p-like factors, IGF-Iike factors, PDGF-like factors, 
keratinocyte cell iysate, 

- compounds having substantial affinity for the incorporated drug, so as to slow 
down the release of the drug from the matrix and/or stabilizing the drug. 



3. 



A medicament according to claims 1 or 2 wherem said matrix is in the form of a 
hydrated or dry film, or a hydrated or dry foam, or hydrated or dry microbeads, or 
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a dry powder, or hydrated or dry fibers which may be fabricated into a woven or 
non- woven tissue. 

4. A medicament containing a biopolymer matrix according to any of claims 1 to 3, 
wherein multiple forms of said matrix are combined, each form having different 
properties with respect to chemical composition and/or physical and/or controlled 
release characteristics. 

5. Use of a biopolymer matrix as defined in any of claims 1 to 4 for the preparation of a 
wound dressing and/or controlled release device. 

6. Use of a biopolymer matrix as deJBned in any of claims 1 to 4 for the preparation of a 
womid dressing for treating one of the following diseases: 

-skin wounds (including bums, refractory or chronic ulcers, diabetic foot ulcers, 
necrotic and sloughy wounds, sm:gical woimds, decubitus ulcers and pressure sores, 

ischaemic wounds and the like), 

-cicatrization and keloid formation, 

-necrotizatioB of wound surrounding tissues, 

-skin contractions, 

-excess exudate or slough formation, 

-corneal wounds or defects, 

-post- surgical treatment after tympanic membrane reconstmctions, or other middle ear 
reconstructions, 
-chronic otoirhea, 
-dermatological disorders. 

7. A medicament according to or as defined in any of claims 1 to 6, wherein said 
matrix is covered with a semipermeable film, with a permeability chosen so as to 
control the humidit}^ of the wound covered with said biopolymer matrix, and/or to 
maintain the humidity of the wound within a therapeutically optimal window. 
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8, A controlled or slow release device for releasing drugs or vaccines according to or 
as defined in claims 1 to 5 for transdermal drug delivery. 



A controlled or slow release device according to any of claims 5 or 8 comprising 
microparticles loaded with a drug or a vaccine which can be injected intravenously 
subcutaneously or intramuscularly. 



10 



10. 



A controlled or slow release device according to any of claims 5, 8 or 9, wherein 
said matrix is covered with an occlusive or semipermeable film, to prevent 
desiccation of said matrix, or to control delivery of said drug or vaccine. 
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